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TESTS OS’ 10-IHCH 24S-T ALUMINUM-ALLOY SHEAR PAMELS

WITii ll/~-IMCH HOLES

By Paul Kuhn and L~ Roes Levin

SUMMARY

Tests were made of a number of 10-inch shear panels
of 24S-T aluminum alloy with l~a-inch holes to determine
the stress concentration at static rupture and the de-
formation characterletice. The average factor of mtroee
conoentratlon wae found to be about 1.1; reinforcements
around the edges of the holes did not increase the ulti-
mate etrengthe. Permanent set began in specimens with-
out holes at nominal shear stresses of 10 to 12 klps per
square inch. In thin specimens with holes, permanent
set begen at the buckling strees.

INTRODUCTION

In connection with a previoug investigation of the
strength of shear webs, some tests had been made of 24S-T
aluminum-alloy teneion specinens 1 Inch wide with 3~8_

inch holes (referenoe 1). Theee tests Indicated a strees-
concentratlon faotor of about 1.08 for static rupture.
The question arose as to whether this factor oould be ap-
plied to eomewhat larger holee, euch as those used to
permit the paseage of oonduits, tubing, or oontrols
through a shear web, and as to how much the etrees con-
centration oould be reduced by reinforcing the edges of
the holes. The reeults of a eeries of teets undertaken
to answer these questions are preeented herewith. In the

- aouree of the tests, information was also obtained “on the
depth of the ehear %ucklee both under load and after re-
moval of load.
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aide of cheer frame, Inches

dianeter of rtvet hole, Inches

diameter of hole, inches

Youngis modulus of elasticity, kipa per equare inch

ultimate 10ad, kipa

sheet thicknsee, Inches

normal stress, klps per square inch

normal atrese at yield point, kipa per square Inch

nominal ehear streea, kipa per square inch

critical shear streaa, kips per square Inoh

TEST SPECIMENS AND PROCS!lDURE

Katerial.- The material used was 24S-T aluminum

alloy with nominal thicknesses of 0.0.20, 0.032, and 0.051
inch. The specimens for each nominal thickness were cut
from a single sheet. The atresta-strain curves for the
three sheets are shown in figure 1. The shear panels
fall essentially in diagonal tension; the teat coupons
were therefore cut at an angle of 45° with the grain.

. Specimens.- The apecimena (fig. 2) consisted of

sheets 12 inches aqnare and were bolted into the aquare-
picture-frame jig described in reference 1. The ditatance
between the center lines of the hinge pins of thie frame
was 10 inches; the clear width of speciinen was 8 inches.
The edges of the specimens were attached by ~le-inch
bolts pitched 1 inch,

The perforated speclmena had lY/c-inch holes. Three
types of perforated specimen were tested. (See fig. 2.)
The first type had plain holes. In the second type, the
ed es of the holes were reinforced by turning them up to

845 flanges about ~e-inch deep. In the third type, the
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edges were reinforced by rlvet3ng two steel rings ‘ie-inoh.-. ,,
thl”ek”to”thm~speo~me~ ..- ... ,. ..... . .,.= , . .

The solid speolmene either were pl-ain or had steel
c)
o bosses riveted to them (-fig. 2).
y

A Test procedure.- Two different .teet procedures were

used. In prooedure A, the load wae inareaaed by equal
inurements until failure ocourred. At each load, the
aepth of the main buckle was measured with a micrometer
depth gage. In procedure B, the ldad was returned to
near zero after eaoh reading and the depth of the perma-
nent buckle at this ‘zero loada was meaeurea,

.

TEST RESULTS

Ultimate Strengths of perforated specimens.- Ifor the

speoimens with plain holes or flanged holes, the nominal
8hear stresees 7 at failure were caloulatea by the
formula

0.707P
r=

t(a-D)

where a = 10 inohe~ and D = 1.5 inohes. At failure,
the stress oondltion in the panels was fairly olose to
the oonditlon of pure diagonal tension; ooneequently,
diagonal-teneion streesee u were oaloulated by the
formula

CYE2T= 1.414P

t(a-D)

(1)

(2)

,“

.

In the speolmens with rings, the net seotlon was reduOea
by two holes of diameter d for the rivets uses to at-
taoh the rings. Formula (2) was therefore replaoea by.

?. .. - ,... ,

a= 2T =
1.414P ‘

t(a-D-2d),
(2a)

-n -m m ■ ■■ m ,,-,-,,-,- ,, m,, —-,, . . .m..-



4

The stresses .oalculated by formula (2) or (~a) are given
in table 1. The stmeee-concbntratlon factors given in
table 2 were obtained by dlvldin
tension streme given by formula f$h;;~:~a::t%:n:;:
timate allowable stress determined from the test coupons.
E’lgures 3(a) and ~(b) show the factors for the speclmene
tested by procedures A and B, respectively. The average
factor is 1.09 for the firgt group and 1.11 for the eec-
ond group. These values are only slightly higher than
the value of 1.08 for rivet holes discussed In the Intro-
duction. It i~ evident from an inspection of figure 3
that neither the fl~nges nor the steel ringe appreciably
changed the ultircat~ strengthe of the speoimens.

Ultimate strengths of solid specimens.- The ultimate
strengths of all solid specimens - plain-or with boss -
were calculated by the formla

.

= 0.707PT— (3)
at

The stresses shown in ta%le 1 indicate that the presenoe ●

of”a boss riveted to 0.020- or 0.032-inch sheet has little ‘
influence on the strength. The specimens with bosses
developed about the same stresses as the plain specimens,
and failure started sometimes from the edge bolts, some-
times fro~ the boss rivets. In the 0.051-i~ch epeoimens,.
however, the presence “of the boss distinctly weakened the
epeclmen, and both specimens” tested failqd ~through the
boss rivets. . .

The stressee developed by the plain-sh”eet specimens
are in good agreement with thase given in referenoe 1 if
a rivet factor Is introduced as described in the refer-
ence.

Critical stresses.- The oritical shear etresses ‘or
of the plain-sheet speoimens were computed by the standard
formula; the olear width of sheet was used, and the com-
putations vere made on the assumption of “simply mpyorted
edges as well as on the assumption of clamped edges. I.n-
speotion of figure 4 indicates that measurable buckles be-
gan to appear on the 0.051-inch sheet at a load -between
the two oaloulated oritioal loads. On the two thinner
sheets, the appearance of measurable buokles ooincides
more nearly with the orltloal load calculated on the -
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assumption of clamped edges. Attempts were also made to
‘determine the” critloal-loa~ h~ obser~ing tbe. xqfl-eo.$.len .
of a rectangular grid on the speolmen. On the 0.051-
Ineh speoimen the oritloal load obtained by thie method
agreed very olosely with the load at whioh measurable
buokles began, and the method appeared to be very sensl-
.tlve. On the thinner sheets, the method oould not be
used suooeesfully be~ause the sheets were not initially
flat.

Permanent set.- Inspeotlon of figure 4 indloatea
that the plain-sheet speoimene began to show permaneat
eet at nominal shear streeses of 10 to 12 kips per square
inoh. A tentative curve of effective shear modulum wae
given in referenoe 2, based on measurements of the ohange
in length of the d?agonal of the shear frame; this ourve
Indicated a limit of proportionality In Ehear Of 12.6
klps per square inch. The faot that permanent set in the
present tests oocurred at somewhat lower stresses thaa
this limit of proportionality oan probably be explained
by stress concentration along the main buckle. The ex-
istence of such a conoentratlon is indicated by the
greater depth of the main buckle as compared with the
other buckles In the panel and also by some Isolated
strain measurements. The measurement of the local buckle
depth oan show this oonoentration better than the meas-
urement of the length of the diagonal.

In the perforated 0.051-lnoh specimens, as well as
In the speolmen with a steel boss, permanent set began
at about the same stress as In the plain-sheet specimen.
In the 0.032-inch epecimene with holes or bosses, however,
permanent set started at a much lower stress and, in the
0,020-inch Specimens with holes or bosses, permanent eet
began as soon as the first buckle appeared.

The steel rings did not deform measurably either
within their original plane or normal to their plane.
The flanged holes elongated about the same amount as the
corresponding plain holes. This elongation started at a
fairly low strese (fig. 5) and was aooompanied by flat-
tening of the flanges. The stiffnees of the flanges was
nOt sufficient to prevent the sheet from buokllng .acsess
the flanged holes.

Langley Memorial Aeronautloal Laboratory,
Mational Advieory Oommlttee for Aeronautics,

Langley ~leld, Va.
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TABLE I

UL!CIKATE, DIAGOl!U.L-TEIWS,IO~STR@ES-..... -----------...

[All values in kips/sq In. ; on specimens A, the load
wae increaged continuously; on specimens B, the load

Wae reduced to zero after eaeh inorement]

.,

perforated specimens Solid speoimens
—

Plain El anged With “ Plain
Speolmen hole hole Ring bees Couponseheet

(a) (a) (b)

0.020-inch sheet

:!!m~

0.032-inch sheet

A-1 61.8 59.9 69.2 C59.2 ------
)

~-~ -- ---- 57.8 61.0 ------ ------
B 62.0 d57.4 1

67.40
60.5 60,8 57.0

0.051-inoh sheet

A 67.0 63.3 62.2 ‘56.2 62.2
B 57,0 61.9 57.5 d54B4 61.4

}
68.09

3/le-inohaMo allowanoe made for reduotion of area by
bolt holes.

bAverage of two teste.

‘Failure at edge.

‘Failure at bOS@.

.
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STEESS-COUCEHTE4!CIOH I’AC!CORSFOR PER~OEATED SPEOIMJ!D?S

[On epeoimens A, the load vaO inareaaed oon;inuoualv: on
specimens B. the load was reduoed to zero after each

.

.

.
.

increment].. .

. .

Type of speaimen

Spe-cimen
J?lain I’langed
hole hole Ring

0.020-inoli sheet . .

A-1 3..057 1.086 1.082
A-2 ------ - 1.040 1.062
B 1.093 1.082 1.075

.

0.Q32-inoh sheet ‘

A-1 1.092 1.125 1.138
A-2 --.---- 1.167 1.105
B 1.116 1.109 1,087

..
0.051-inch sheet

A 1.015 1.075: 1.094
E 1.194 1.099 1.183

,

.

, . .
, #

.,

.

.

- ——- .. ... . . -i .
., -x”. ---- .“.: .?: ,-..-*.A+% ~::......... . -.:’.:. .“ ::~,-d ●..:,.... . . - ~~.i.-----. - ‘–– ‘--
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Figure 2. - Typical specimensafter failure.
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